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COMPLETE SPECIFICATION. 

Compositions and Methods for Producing Electrically 
Conductive Coatings. 
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Wc AniusoN Industries. Inc.. a Cor- 
poration organised and existing under the 
KJ of the State of Michigan u Un.jcd States 
of America, of Michigan National Bank 
Chambers. Port Huron. Michigan, Uni cd 
Sta?cs of America, do hereby declare the 
invention, for which we JJ^T 
may be granted to us, and the method c-y 
whfch it is to be performed tc be par- 
ticulariy described in and by the following 

* U ™J1nC«iion relates to* compositions for 
and the method of producing electrically 
conductive coatings on supporting surfaces. 
More particularly.' this invention concerns 
the method of and compositions for the pro- 
duction of coatinss on the walls of electron 
discharge tubes such as cathode ray .tubes 
and more specifically television picture lubes 
for colour or black and white reception. 
The use of conductive coatings in electron 
— discharge-tubes is well known, but the pre- 
viously known and commercially used coat- 
inas have shortcomings including softness, 
poor adhesion, deficient electrical conduc- 
tivity, excessive-shrinkage on drying, dim- 
cully in outgassing and continuing loss of 
gas during operation or the like. These 
efficiencies are corrected and other desirable 
features are obtained by formation of coat- 
ings from the coating compositions of tne 
invention. * 

In the heretofore known compositions for 
producing conductive coalings that were 
used on the interior surface of cathode ray 
tubes the presence of organic constituents 
was considered to be undesirable. In 
accordance with this invention, however, it 
his. been found that certain organic com- 
[Price As. 6d.) 



pounds, as will be detailed . later m this 
Specification, provide improved fflwrencc. 
hardness and performance charactcnsiics in 
the resulting coatings on the interior ot 
cathode ray tubes. 

Accordingly, the present invention pro- 
vides a composition for use in forming elec- 
trically conductive coatings which comprises, 
in weight percent. 10% to 25% of a con- 
ductive pigment. 15% to 80% of. a solution 
of an alkali metal silicate containing from 
«P% to 71% water. 0.3% to 5% ,of a 
water-soluble or watcr-dispersiblc organic 
resin material. 0.5% to 10% of an alkali 
metal or ammonium carboxylic acid salt 
and the balance water 
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The conductive pigment used may be 
selected from such well known conductive 
powders as conductive carbon oiacK. 
graphite, which is preferred, mctalparuc : les, 
etc., or mixtures thereof. It has been found 
that both natural and artificial graphites may 
be used effectively, and that the particle 
size or shape of the graphite is not critical, 
except that the graphite is P«krably finely 
divided, for example, finer than 200 mesh 
(Tyler Standard Screen Size). 

The inorganic binder constituent is the 
material commonly known, as water glass, 
namely, aqueous solutions of an alkali metal 
'silicate such as the sodium °r Potassium 
silicates or mixtures thereof. Any of tne 
commercially available water glass materials 
may be satisfactorily employed and these 
materials vary in water content from ap- 
proximately 42% to 71%. by weight, and 
have ratios of alkali metal to silicate ex- 
pressed as percent alkali metal oxide to SiO, 
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in the range of 1 :2 to 1 :7. and preferably 
in the range of 1 :2 to 1:35. 

The organic resin component serves to 
improve the initial adhesion properties and 
5 flow characteristics of the compositions and 
to- maintain the conductive pigment in dis- 
persed condition prior to application to the 
substrate and during, at least, the initial 
- curing stages of the inorganic binder coav 
10 porittit, Organic resinous materials for tins 
' purpose should be water-soluble or water- 
dispcrsible and decomposable at the tem- 
peratures normally employed^in cathode ray < 
tube manufacture namely 250 to 475 L f 
15 leaving a residue which does not generate 
deleterious gases during subsequent proccss- 
•ng and use. Resins possessing these re- 
quirements include the water soluble or water 
dispcrsible ccilulosic resinous materials such 
20 as methyl cellulose/ sodium carboxymetnyl 
cellulose, h>droxycthyl cellulose, water 
'soluble gums and plant extracts such as 
agar-agar. Irish moss extract i.e. the extract 
taken from dried bleach plant of chondrus 
25 crisprisor gigartina mammillosa, polyvinyl- 
pyrrolidone and polyvinyl alcohols and mix- 
tures thereof. The preferred material for 
this purpose is polyvinylpyrrolidone since 
this rein has been found to possess all of 
30 the required characteristics to an unusual 
degree. Polyvinylpyrrolidone is compatible 
with the silicate binder and decomposable 
at normal bake-out temperatures for cathode 
ray tube -manufacture. It aids in forming 
35 the initial coating on a glass substrate by its 
film-forming ability and its abihty to wet 
class. It also appears to maintain the uni- 
formity of the distribution of the conductive 
pigment in the binder-carrier system as the 
40 aqueous carrier is removed during the 
normal drying of the coating. The lower 
molecular weight polyvinylpyrrolidone ma- 
* tcrials are particularly suitable, for .example, 
materials having a molecular weight in the 
45 range of about 8,000 to about 50,000. 

Cathode ray tube coatings formed from 
the heretofore known compositions con- 
taining graphite and alkali metal sUicates 
have a smooth, hard, glassy surface which 
50 overlies a soft, easily abraded »Y*' 
It has been found to be extremely difficult 
if not impossiSle. to heat cure the alkali 



metal silicate to a form that is hard and 
abrasion resistant throughout its enure 
depth because the upper gUssy surface 55 
tends to trap some of the water of hydration 
during such cure. In accordance with this 
invention, it has been found tjapn the 
presence of the above named ingredients, 
this problem of the formation of an upper ou 



glassy water-impervious layer is eliminated 
by incorporating into the aqueous com- 
positions a small quantity of an iom=aole 
o7 disassociatable alkali metal or am- 
monium carboxylic acid salt. These salts 65 
modify the alkali metal silicate binder dur- 
ing dehydration to form a porous coating 
which remains sufficiently porous through- 
out the curing operation to permit water or 
gaseous decomposition products of any of 70 
the components in the film to escape. This 
modification of the film enables the com- 
plete removal of all of the water of hy- 
dration in the inorganic binder and a sub- 
stantially complete cure of the binder to a 75 
hard abrasion-resistant form. Suitable salts, 
or film modifiers, for this purpose preferably, 
include the sodium or potassium salts of 
the monocarboxylic, dicarboxylic. the 
hjxlroxy dicarboxylic and hydrox>tncar-_ 80 
boxylic aliphatic and aromatic acids. The 
simple salts of the aliphatic acids such is 
sodium acetate or potassium oxalate pr the 
aromatic acids such as potassium phenyl- 
acetate or sodium benzoale may be used but 85 
better results have been obtained from the 
use of more complex salts such* as potassium 
acid tartrate or potassium sodium tartrate. 
The exact mechanism by which such salts 
function to improve the adhesion, hardness 90 
and abrasion resistance of the resultant 
coatings is not fully understood but evidence 
has been obtained which demonstrates that 
the ions in the aqueous composition which 
rcsult from their presence, or the same ions 95 
.from an equivalent source, are necessary in 
order to avoid the water impervious glassy 
surface and the easily abraded lower layer, 
and to provide improved adhesion, hardness 
and abrasion resistance, , 100 

The compositions of this invention con- 
tain the above discussed components in the 
relative proportions set forth below in Table 
I. . . 
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' TABLE I 

WEIGHT PERCENT 

SSSTLSTC*. finely divided me*, or ^ _^ 

' Btaf&di nVeUl"-sUi«te.^2%-7^ 15 -80 

o!SSc resinous materials (water soluble or dis- Q3 _ 5Q 

XumeJl^ammonium salV add £5-10 

Water . 



A preferred formulation is set forth in Table IL 
TABLE II 

SfSSVStdc. finely divided metal, or 

BilSerTlkali metal* 'sHiea^zi-?'^ water) 
oSte resinous materials (water soluble or dis- 

a£S meta^ammonium saii of ^ylic acid 
Water (Distilled or Dcionized) 



WEIGHT PERCENT 



12 

35 



-20 
-75 



0.75— 2.0 

1.0 — 5 
Balance 



The compositions of this invention are 
prepared by simply blending the selected 
Suantity of each of the components and 
mixine until a uniform dispersion is ob- 
No particular order of addition of 
the componcliu is necessary and any of a 
variety of standard mixing m equipment may 
be used to form the dispersions. 

ThV method of using tl*i invention 
broadly comprises the steps of applying a 
composiUon of Mt'lnm^Jto^^ 
stratV to be coated, for example by spnyv 
ing. brushing, flowing, or roUcr^aUng .to 
deposit on the substrate the desired quantity 
dffi* composition. For cathode ray tube 
coatings a sufficient quantity of he com- 
position is applied to produce a cured coat- 
mg thickness in the range of 0.1 to 2^ mils. 
Thereafter, the coating may be preliminarily 



dried with, for example, circulating hot air, 
and is then heat cured at a temperature 
within the range of 250°C to 475°C until 
the coating is hard and adherent to the 
surface generally, for about one-half to 
about two and a half hours. Alternatively, 
the preliminary hot air drying step may # be 
omitted and the coated surface slowly raised 
from room to its final curing temperature. 
AftcSJcuring. the coaling is optionally water 
rinsed or may be used in its heat cured 

^Th'etoilowing Examples illustrate this in- 
vention* Example 1 is included by way of 

COmpari$ ° n - EXAMPLE I 

A coating composition was prepared con- 
taining the following materials, in weight 
percent: 
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Graphite (maximum particle size— 10 microos) 
Polyvinylpyrrolidone (average molecular weigbt-- 

A^e^^taaium slilcate (30° SmjOT. 
Stf-7 ccntipoises at 68°) 9.05% K.O and 
19.9% SiO, — • * v * " 

Deionized water 



WEIGHT PERCENT 

14.2 
15 



74.1 
10.2 



This composition does not contain an 
alkali metal or ammonium carbpxyiic acid 

^The above ingredients were thoroughly 
mixed for 16 hours in a standard pebble 
milL The dispersion removed from the null 
was applied to a 3"x6" glass panel, at room 
temperature, by spraying. The coated panel, 
was cured in an air atmosphere furnace. 



slowly raised to a temperature of WC. 
with the panel being maintained at 400°C 
for approximately one hour. 

When the panel was rer&oved from the 
furnace and inspected under a microscope 
at magnifications up to 60 diameters tne 
coating wis observed to be smooth, glassy 
and free of pores. The ccating was measured 
for electrical resistance and found to nave 
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S ng picSd SkI Uions of the coating 
removed in the form of flakes. 



EXAMPLE II 
A coating composition was 
using similar mixing equipment 
SdSes as those employed, in Example >l 
having the following ingredients, m wegfat 
percent; 1 



prepared, 
and pro- 
pfe 1 
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.19.9% sio, • ' ;;; 

Potassium sodium tartrate 

DeionizcU water .• 



WEIGHT PERCENT 
IS 



73.1 

1.4 
10 



A glass panel was coated, by spraying, 
with the above composition and heat cured 
under identical conditions to those stated 

^.suaTinVpcc.ion of the ^ wV** 
magnincationrrevcaled that tfw ^£^c 
a t»rous mat-appearing layer. The presence 
of^he pores was confirmed by m.croscopw 
examination up to 60 diameters magnifica- 
tion they appeared to be d stnbutcd 
over' the entire surface of the coat.ng. The 
Mm was measured and found to have an 
average thickness of 0.7 mils and an dec 
• trial resistance of 122 ohms per 



50 



Film Modifier Material 



Cured Film 
Appearance 



Using the same adhesion ^rcm^nt 
test described in* Exanyp c I, the film was 
found to be substantially harder and more 
adherent than the coaling of Example I . No 
Sration- or naking of the coaling was 
obtained in m 

Xl U and each was uscJin the amount 
l?U weight percent for comparative pur ; 
ooscs The characteristics of the resulting 
Sngs on glass substrate surfaces are set 
forth in tabular form below: 

Cured Film Cured Film 
Cured Film Thickness Resistance 
pSSrtfcT (Mils) (ohms per so,) 
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Potassium Succinate ... 

Potassium. Oxalate ... 

Potassium Citrate ... 

Potassium Acetate ... 

Potassium Bitartrate ... 

Sodium Acetate 

Sodium Oxalate 

Ammonium Bitartrate 
Ammonium Succinate 



Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
Porous, mat 

surface 
porous, mat 
surface 



hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 

hard, 
adherent 



1.3 
1.2 
1.1 

0.9 
1.1 
U 
l.l 
1.4 
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EXAMPLE IV 
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Graphite— Microiiizeo\ natural (average particle . 

_1:3.22 S.G. 41° Baume at 68°F .» - 

Sodium Acetate 

SVwinyYpyrVoUdVne'Uverage^ weight* 

A0.000) — , 

EXAMPLE V 

Graphite (maximum particle size— 200 mes h} \ . ... 

pffium Silicate Solution (30° Baume at 68^. 
viscosity— 7 centipoises at,68°) 9.05% K*0 and 
19.9% SiO, ... 

Potassium Bitartrate ... ••• '•* 

Po^nyl Alcohol (% hydrolysis! S7-49. pH 6-*. 

<V volatiles^ Viscosity 35 — 45. cp» measurea 

f„ % a *ta£& 2©°C by the Hocppler 
falling ball method 

Water ... ... 

* • EXAMPLE VI 

'Graphite (maximum particle size— 10 microns) 

viscosity— 7 centipoises at 68°) 9.05% K»u ana 
19.9% SiO, ... ... 

Potassium sodium tartrate 

Deionized water — 

EXAMPLE VII 




Aqueous r*oiassiura oium* w« ^^r'j' i? : r\\t*A 
7 centipoises viscosity at 68°) 9.05% K.O and 

19.9% SiO 

Potassium sodium tart rate . .. - 

Deionized water ... «• 

EXAMPLE Vffl 

Graphite (maximum paticlc size— 10 microns) 
Hvdroxyethyl Cellulose ... ... ••• ••• 

—7 centipoises, viscosity at 68°) 9.05% K,u 
and 19.9% SiO, * 

Potassium sodium tartrate 

Deionized water 



WEIGHT PERCENT 
12 

70 
2.0 
14 

• 2.0 



WEIGHT PERCENT 
16 



73 
5.0 



\5 
43 



WEIGHT PERCENT 
14 

15 



73.1 
1.4 
10 



WCIGHT PERCENT 
14 
1.5 



73.1 
1.4 
10 



WEIGHT PERCENT 
14 

15 



73.1 
1.4 
10 



* WHAT WE CLAIM ,IS:— , 

1. A composition for use in forming 
electrically conductive coatings which com- 
prises, in weight percent, 10% to 25% of a 
conductive pigment. 15% to 80% of a solu- 
tion of an alkali metal silicate containing 
from 42% to 71% water. 0.3% to 5% of 



a water-soluble or water^isDersible organic 
resin material decomposa^e at ^tem- 
peratures normally c^S^^-^^jS 
lube manufacture. i.c. 250 to 475°C f 03% 
to 10% of an alkali metal or ammonium 
carboxylic acid salt aii the balance water. 
2. A composition accordmg to claim I 
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which comprises, in weight percent. 12* to 
, 20*ol a inductive pigment. 35% to 75% 
alkali metal silicate containing from 42% to 
. 71% water. 0.75% to 2% of an organic 
5 r Jl £ defined in claim 1. 1.0% to 5% of 
an alkali metal or ammonium carboxylic 
acid salt and the balance water. - 

3 A composition according to claim 1 
or 2 wherem.tne alkali metal silicate is potas- 

10 sium silicate. 

4 A composition according to any one 
of claims 1 to 3 wherein the resin is poly- 

^^TSS^ ac-rding to claim 4 
15 wherein the ; jplyvinyl p^hdone has a 
molecular weight of 8.000 to 50.000. 

6. A composition according to any one 
of the preceding claims wherein conductive 
pigment is graphite having a particle size 

20 less than 200 mesh. 

7. A composition according to any one 
of the nrcccding clainis wherein, the aucau 
mcur cMbotylfc. acSf. sal: is potassium 
sodium tartrate. . . . 

25 8. A composition according to claim l 
substantially as hercmbefore de^nbed. 
9 A composition according to clsum 1 



substantially as described in any one of Ex- 

A* Shod for forming an electrfc- 
ally conductive coating on a surface which 
comprises applying to the surface a com- 
position according to any one of thepreccd. 
W claims and heat curing the composition 
on the surface at a temperature within the 
range of 250° to 475*C until the coating is 
hard and adherent to the surface. 

n. A method according to claim 10 
wherein the said surface is a s^scc °f a 
cathode ray tube and the amount of the 
used is such that ^ ««tmg 
has ithickness .in i the range of 01 to 2 ,mx\% 
. 12, A method according to claim 19 
substantially as hereinbefore dfcnbed. 

13 A method according to claim 10 
substantially as^ described m any one ot 

& lT P An 2 arUclc having on a surface there- 
of an electrically conductive coating formed 
thereon by a method as claimed in any one 
of claims 10 to 13. 

J. A. KEMP & CO. 
Chartered Patent Agents. 
14, South Square, 
' Gray's Inn, .London, W.C.I. 
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FuDiisnca « form whfch ^ may fee obtained. 



